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Abstract 
CuO nanoparticles were synthesized by precipitation method using different precursors as copper nitrate (Cu(NO3)2) 
and copper chloride (CuCl2) with post-heating comparing between  as-synthesized and after calcinations. Relevant 
properties of as-synthesized nanoparticles were investigated by X-ray diffraction (XRD), scanning electron 
microscope (SEM) and Fourier Transform Infrared (FTIR) Spectroscopy. Overall results suggest that the formation of 
CuO nanostructures with different shape, size and morphology can be achieved using different precursors via this 
process. The improvement in their crystallinity and purification can be further attained by post calcinations process. 
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1. Introduction 
Copper oxide (CuO) is one of potential p-type semiconductors and gains considerable attentions due to 
its excellent optical, electrical, physical, and magnetic properties. CuO with narrow band gap of 1.2 eV is 
extensively used in various applications such as catalysis [1], solar energy conversion [2], gas sensor [3] 
and field emission [4]. However, these novel properties can be improved by synthesis in CuO 
nanostructures that shown excellent performance comparing to bulk counterpart. Different nanostructures 
of CuO are synthesized in form of nanowire, nanorod, nanoneedle, nano-flower and nanoparticle. In the 
past decades, various methods have been proposed to produce CuO nanoparticles with different sizes and 
shapes such as thermal oxidation [5], sonochemical [6], combustion [7] and quick-precipitation [8-9]. 
Among these processes, precipitation method is a facile way which attracts considerable interest in 
industries because of low energy and temperature, inexpensive and cost-effective approach for large scale 
production and good yield. 
 
In the present work, the main objective is to investigate the effect of starting precursors on structural 
properties of CuO nanostructures synthesized via precipitation method and annealing process. Copper 
nitrate and copper chloride was chosen as starting precursors. The as-prepared precipitates were analyzed 
by scanning electron microscopy, X-ray diffractrometer and Fourier Transform Infrared Spectroscopy. 
2. Experimental 
CuO nanostructures were synthesized by precipitation method using copper chloride (CuCl2) and 
copper nitrate  (Cu(NO3)2.3H2O). First, each  precursor was dissolved in 100 ml deionized water to form 
0.1 M concentration. NaOH solution (0.1 M) was slowly dropped under vigorous stirring until pH 
reached to 14. Black precipitates were obtained and repeatedly washed by deionized water and absolute 
ethanol for several times till pH reached 7. Subsequently, the washed precipitates were dried at 80 °C for 
16 h. Finally, the precursors were calcined at 500 °C for 4 h. investigated by X-Ray Diffractrometry 
(XRD). The morphology was monitored by scanning electron microscope (SEM). Chemical properties 
were investigated by Fourier transform infrared spectroscopy. 
3. Results and Discussion 
The XRD patterns of as-synthesized and calcined CuO nanoparticles using different precursors are 
shown in Figure 1. XRD peaks confirm that the formation of CuO from each precursor was in monoclinic 
phase. The characteristic peaks located at 2 = 32.58°, 35.47°, 38.97° and 48. 74° are assigned to (110), 
(002), (200) and ( 202 ) plane orientation of CuO (JCPDS 80-1268). For Cu(NO3)2 material, the basic 
crystals with 4 main peaks of CuO in as-synthesized sample were obviously occurred. After calcination, 
the increase of intensity peak was obtained and XRD pattern is still identical to as-prepared precipitate 
pattern. This result indicates that the crystallinity of CuO was enhanced by sufficient nucleation energy 
from thermal treatment. For CuCl2 material, the basic crystal of as-synthesized CuO was indistinctly 
appeared but the presence of CuO peaks was stronger occurred after calcinations process. XRD results 
suggest that the formation of CuO can be obtained by co-precipitation method. Good crystallinity of CuO 
is received by Cu(NO3)2, comparing to CuCl2 precursor and the increase of crystallinity and its size can 
be effectively achieved after annealing treatment. 
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Fig.1. XRD patterns of CuO nanoparticles prepared from (a) Cu(NO3 )2 as-synthesized,
(b) Cu(NO3 )2 after calcinations, (c) CuCl2 as-synthesized and (d) CuCl2 after calcinations.
Meanwhile after-calcined sample started from CuCl2 has a noticeable peak at 525 and 584 cm-1
which are attributable to Cu O stretching modes. All of samples have the absorption peaks in range of
1380-1640 cm-1 that may be assigned to O H bending vibrations combined with copper atoms [11]. Thus,
FTIR result suggests that the formation of copper oxide compound is obtained after annealing process in
this method accompanying the presence of Cu O bonds corresponding to Cu O stretching modes.
Figure 3(a-d) are  SEM images illustrating the morphologies of CuO-nanoparticles prepared with 
different precursors via the precipitation method. As-prepared CuO precipitations using either Cu(NO3 )2
or CuCl2 are  in good dispersion and found to be short nanorod-like structure. After calcinations at 500 
°C, product of Cu(NO3 )2 tends to agglomerate with increasing rod size meanwhile spherical particles
and clustered form were clearly occurred in the product prepared from CuCl2 precursor.  
Fig.2. FTIR spectra for the (a). Cu(NO3 )2 as-synthesized, (b). Cu(NO3 )2 after calcinations,
(c). CuCl2 as-synthesized and (d). CuCl2 after calcinations
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Fig.3 SEM images of CuO nanoparticles prepared from  (a) as-synthesized Cu(NO3 )2,
(b) after calcinations Cu(NO3 )2, (c) as-synthesized CuCl2 and   (d) after calcinations CuCl2
                        
4. Conclusions
In summary, CuO nanostructures were successfully synthesized by precipitation method using
different precursors including copper nitrate (Cu(NO3)2) and copper chloride (CuCl2) with post-heating 
treatment. XRD and FTIR results suggest that the better formation of CuO nanostructures can be attained
by single-step precipitation of Cu(NO3)2 precursor without annealing treatment. Calcinations process can
effectively remove residue and lead to the better crystallization of CuO. Furthermore, it is notified that
different precursors used in the precipitation  process has strong influence on shape, size and morphology 
of CuO nanostructures. 
(c) 
(d)  
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